In this paper we investigate two differing approaches to the three-body scattering problem: that of Faddeev and that of Lovelace.
I. INTRODUCTION
There exist in the literature of the three-body scattering problem essentially two different methods of defining the physical scattering amplitude.
The first, widely used in the literature is that typified by the work of Lovelace [l, 23. The second, somewhat neglected because of its apparent complexity, is that developed by Faddeev [3] . Although it is known [I] that the two methods eventually lead to same physical S matrices the connection between the two approaches is somewhat obscure. In particular, although Faddeev's method is easy enough to describe mathematically, it does not have (at least in Faddeev's work) a direct physical motivation. This fact and the neglect of Faddeev's approach is unfortunate, since the method leads to the simplest available integral equations for describing threebody scattering when two-particle bound states are present in the initial and/or final configurations. Among the desirable properties of these integral equations is that solutions give the observed physical amplitudes without any integrations over the asymptotic channel wave functions such as are needed in Lovelace's approach in order to obtain the physical amplitudes of interest.'
The principal aim of this paper is to clarify the interconnection between Lovelace's and Faddeev's approaches to defining three-body scattering amplitudes.
To this end we find a simple operator connection between Faddeev's amplitudes and the Lovelace-type amplitudes in the form introduced by Alt, Grassberger and Sandhas [4] . This interconnection leads to a simple physical explanation of Faddeev's approach. We also provide a derivation-of the integral equations which the physical breakup and rearrangement (including elastic scattering) amplitudes satisfy. Finally, we give a new set of integral equations for these amplitudes in which only the on-shell rearrangement amplitudes enter.
II. FADDEEV EQUATIONS
In this section we give a summary of Faddeev's results. In particular we recount Faddeev's method for determining the physical amplitudes for breakup, rearrangement and elastic scattering. Throughout we will use most of the same notation for operators and kinematic variables as one finds in Faddeev's book [3] .
Let us denote by Ho the three-particle kinetic energy operator. In momentum space [3, p. 61 where c@y are the cyclic labels of the three particles, and ma is the Q! particle mass; p ~ is a two-particle reduced mass 1-1, = (mPm 4 /(mp +-m J ; nQ! is a three- G(z) satisfies the well known Hilbert identities
where Go(z) = (Ho -z) -1 is the unperturbed Green function. The study of this singular (as z -real axis) operator is facilitated by writing G(z) with I;he aid of L Eqs. (4) and (5) in the form
where T(z) is defined to be
Clearly knowing T(z) determines G(z) via Eq. (II. 6) and so the study of the singular G(z) can be replaced by the study of the less singular operator T(z).
In order to find a nonsingular linear integral equation from which T(z) may In these equations the operator T@(z) which determines both the driving term and the kernels is the two-body t-matrix defined in the three particle Hilbert space, We now turn to the description of the physical amplitudes in terms of the W aF 's.
The W @!p has two distinct types of singularities. When the three-body kinetic energ 2 is such that the ol-channel energy z-11,/2n is at a two-body bound state energy"then TQ! has a pole in the variable pi/2n. This type of singularity arising from either Tel or T P is called a primary singularity [3) . This type of singularity is present in the driving term, any finite iteration of the driving term, and the exact solution.
The existence of these singularities is associated with the different physically realizable asymptotic states of the system. The other type of singularity, called a secondary singularity [3] , arises from the possibility in W" aP that the denominator of the Go(z) portion of the matrix element may vanish. This type of singularity does not persist for third or higher order iterates of Eqs, (II. 15) and (II. 16).
We now decompose W a@ by explicitly factoring out the primary singularities.
To do this we need to expand tcr around its bound-state poles. This pole decomposition is in the case of only one bound state
where $a! is a 'vertex function," that is related to the two-body bound-state wave function, $ Q!, corresponding to the energy -Xz, by
The only singularity the nonpole term ?", will have will be the discontinuity across The channel wave functions, which are eigcnfunctions of H, are given by -G(E * ie)(H -E)Q). 1vl* tm* 8)
Potentials are introduced into this equation by using
The S-matrix, Sfi, is defined as the inner product of I/J!-) with $if). One now obtains the scattering amplitude by expanding the S-matrix about the diagonal element: Employing the identity Here, by starting from the Lovelace-Alt equations we derive a set of integral equations for simple and natural extensions of the physical .
amplitudes JI and JZ' half-off-shell.
We shall confine our attention to the scattering problem in which the initial state is in the p-channel, i. e., the pair (@y) is bound and particle ,B is free. The We complete this section by discussing the singularity structure of our inte- It is just these singularities that Amado and Rubin [6] recently studied at threshold.
